SUMMARY A method for the estimation of faecal fat excretion using cuprous thiocyanate as a continuous marker is described. Results obtained from a single stool sample are in close agreement with those from a three-day collection using this technique. The method is simpler and more accurate than collections done without a marker.
The estimation of faecal fat excretion plays an important part in the investigation of malabsorption. The standard technique commonly used involves the collection of all faeces passed during a period of three to five days, followed by measurement of the amount of fat in the sample. This method has several disadvantages. It is inaccurate, as it assumes that faecal flow rate and daily turnover are constant: therefore irregular bowel action and incomplete evacuation produce false results. Loss of stool, due either to incontinence or incomplete collection, produces further inaccuracies. The method is time consuming and unpleasant for both nursing and laboratory staff, and it is usually necessary to admit the patient to hospital. It has been estimated that up to 30% of faecal fat excretion results obtained from three to five-day collections are inaccurate for these reasons (Penfold, 1967) . There is, therefore, a need for a simple, rapid, and accurate method for the measurement of fat excretion.
PRINCIPLES
The use of a continuous marker obviates the necessity for quantitative faecal collections. An accurately weighed amount of an inert substance is given daily by mouth in divided doses. After a steady state has been reached in the bowel with respect to the marker, a stool sample is collected and the amounts of fat and of marker in the sample are measured. A ratio of fat to marker is thus obtained and from this figure the amount of fat equivalent to a day's intake of the marker is derived. This represents the corrected 24-hour fat excretion. Previous workers have described the detailed theory of this method (Stanley and Cheng, 1957) and the criteria for such a marker (Whitby and Lang, 1960) . These criteria are that the marker should be uniformly dispersed in the faeces, that it should be readily estimated quantitativelyin the faeces, that it should befullyrecoverable from the faeces, and that it should not be toxic. We have used cuprous thiocyanate (CuSCN) as a continuous marker. Its advantages over other markers, the methods of its preparation and estimation in faeces, and experiments demonstrating full recovery of the copper from the faeces have been described in a previous paper (Dick, 1969) .
PRELIMINARY STUDIES PERIOD REQUIRED TO ESTABLISH A STEADY STATE FOR
CuSCN Faecal fat excretion was measured in 37 patients in a geriatric unit. In order to measure the bowel transit times in these patients, a single carmine marker was given at the start of the course of CuSCN. The time taken for transit by the carmine was assumed to approximate to that for CuSCN. That this is a valid assumption is shown by the results obtained. The carmine transit time varied between two and five days (mean three days). In 25 of these patients two consecutive stool samples were collected after the carmine had been passed and the corrected 24-hour fat excretion was calculated for each sample. The results are shown in Table I . The paired results for each patient show only small variations, indicating that a steady state for the CuSCN had been reached. All these patients were aged 65 or over and would be expected to have longer transit times than a younger population. On the basis of these findings CuSCN is always administered for a minimum period of five days before a stool sample is collected for analysis.
Estimation offaecalfat excretion using cuprous thiocyanate as a continuous marker 1-7 4-1 1-7 2-9 4-2 2-3 6-2 3-1 3-8 2-7 1-6 2-7 1-7 2-6 3-1 3.3 1-6 3.7 1-9 3.9 9.5 3.7 6-1 2-3 1-5 uniform distribution of the radioopaque CuSCN in the faeces.
THE EFFECT OF DIET The average copper content of the normal diet is of the order of 1 to 2 mg and does not affect the accuracy of the method. The effect of variations in the fat content of the diet was studied in three normal patients. In each, the faecal fat excretion was measured while on diets containing 40 to 50 g fat, 70 to 80 g fat, and 100 to 110 g fat. The results are shown in Table III . The variation in faecal fat excretion with alteration of dietary fat intake is small, and the values remain within the normal range even during periods of high fat intake. It is concluded that control of-dietary fat is not necessary, confirming the results of previous workers (Annegers, Boutwell, and Ivy, 1948) and all further studies have been made on patients taking their normal diets. TOXICITY STUDIES Experiments described in the previous paper (Dick, 1969) ILLUSTRATIVE CASE Figure 1 shows the results on a patient with steatorrhoea after total pancreatectomy. 50-.0 g. to study the completeness of three-day collections in the 14 patients, the copper outputs for all three-day periods (ie days 1, 2, and 3; days 2, 3, and 4, etc, for each patient) were calculated. In this way, results for 111 three-day periods were obtained. The results are shown in Figure 2 . The copper excretion varied from 20 to 1,100 mg of CuSCN. The broken line shows the ideal value of 750 mg, when a threeday collection contains the exact residue of three days' intake. All values to the left of the line represent incomplete collections and those to the right unrepresentatively large collections. The peak at 550 mg instead of the expected 750 mg shows that despite attempts to get total collections (the ward staff were instructed to collect as they normally do for a three-day collection) there has been loss of part of the sample in some cases. The copper excretion is used to adjust the fat excretion for this loss, thereby obtaining a corrected fat excretion. When the corrected three-day fat excretions (expressed as g fat/24 hours) are compared with the fat excretion during the same periods but uncorrected for copper, there is a wide scatter of points around the line of perfect agreement. This is shown in Fig. 3 for the range 10 to 100 g fat/24 hours, and in Fig. 4 for the range 0 to 10 g fat/24 hours. The results in these figures are for consecutive three-day periods (ie days 1, 2, and 3; days 4, 5, and 6, etc, for each patient). Most of the points lie above the line, showing that the corrected values tend to be higher than the corresponding uncorrected values, illustrating that in many cases there is either loss of stool sample, or incomplete evacuation, or both. Furthermore, taking 5 g fat/24 hours as the upper limit of normal, there are three points where the three-day corrected values are abnormal, but the uncorrected values fall within the normal range. In these cases the recovery of stool was so poor as judged by the recovery of three-day collections of faeces is inaccurate in a considerable proportion of cases, because of loss of sample, and of irregularity of bowel evacuation. When a continuous marker is used, collection of faeces passed over a period of days is no longer necessary, and estimations can be performed on single stool samples, weighing more than 40 g. We have obtained satisfactory results in a group of geriatric patients, many of whom were incontinent or constipated for periods of up to three days, in whom it would have been impossible to obtain comlete three-day faecal collections. The method can be applied to outpatients, and at present is being investigated as a screening test for steatorrhoea in the Outpatient Clinic. Care must be taken to ensure that all marker capsules are ingested by the patient at the appropriate times.
We have given the marker for five days before collection of the stool sample for analysis, and have shown that after a five-day run-up period there is uniform distribution of the marker in the intestinal contents. It is likely that this period can be reduced in many patients, as we found the mean transit time in the geriatric age group to be three days, and other workers have obtained similar results using a variety of methods (Farrar and Bernstein, 1958; Hansky and Connell, 1962; Hinton, Lennard-Jones, and Young, 1969) .
The estimation of the amount of fat in the sample is made easier because much smaller amounts of faeces need to be homogenized. The amount of copper in the sample has to be measured in addition, but this is a short process, far simpler than the estimation of any previously described marker.
Cuprous thiocyanate has been shown not to be toxic when given in a dose of 250 mg daily, and no side-effects have been observed. In patients found to have steatorrhoea, continued administration of the marker enables one to assess the response to treatment at any time by taking a further sample for estimation. This is particularly useful in deciding on the best measures for control of steatorrhoeain theindividua.l case. The inconvenience and inaccuracies of repeated three-day collections are avoided.
